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[Claim 1] 

An ion-conducting film wherein an ion-conducting resin, which is composed of 
an aromatic monomer I, an ion-conductive monomer II, a high volume monomer III, 
and a cross-linking agent IV and is represented by the following structural formula 1, 
and a fabric assembly are complexed so as to have a film shape: 
(Structural Formula 1) 
[Claim 2] 

The ion-conducting film of claim 1, wherein the aromatic monomer I is 
composed of an aromatic vinyl monomer, 

the ion-conductive monomer II is composed of a vinyl monomer having an 
acid group, 

the high volume monomer III is composed of a compound having a steric and 

cage configuration by any one or all of a silicon-oxygen bond, a silicon-carbon bond, 

and a carbon-carbon bond, 

the cross-linking agent IV is composed of an aromatic ring, 

and is complexed with a fabric assembly selected from mesh, woven, 

nonwoven, and fibril fabric assemblies composed of an organic fiber or an inorganic 

fiber. 

[Claim 3] 

The ion-conducting film of claim 1, wherein the aromatic monomer I is 
composed of Rl, which is an aromatic functional group having a required number of 
carbons, 

the ion-conductive monomer II has an ion-conductive group in which R2, 
which is a hydrocarbon moiety having a predetermined number of carbons, is 
chemically bonded to any one or all of ether, ester, acrylamide, amide, alkyl moiety, 
sulfonic acid group, phosphoric acid, which may include a predetermined number of 
hetero atoms, in a straight-chain or branched-straight-chain shape, 

the high volume monomer III is composed of a compound having a bulky 
functional group with a structure in which silicon is chemically bonded with a 
cycloaliphatic carbon compound having a required number of member rings, in a 
compound with a cage configuration composeded by bonding a plurality of ring 
compounds, which are made from a required number of silicon atoms or oxygen atoms, 
via a required number of silicon-oxygen-silicon bonds, where opposing silicon atoms 
are bonded to each other via an oxygen atom to form a silicon-oxygen-silicon bond, 
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the cross-linking agent IV is composed of an aromatic ring, and 
the ion-conducting resin in which these vinyl monomers are copolymerized and 
cross-linked with each other, and the synthetic fiber or the fiber assembly are included 
in the interior of the ion-conducting film, the fiber assembly is selected from mesh, 
woven, nonwoven, and fibril fabric assemblies composed of any of ceramics, glass, 
metal and non-metallic element compound. 
[Claim 4] 

The ion-conducting film of claim 1, wherein nonwoven glass fabric is 
complexed within the ion-conducting resin in which the aromatic monomer I is t- 
butylstyrene, the ion-conductive monomer II is 2-acrylamido-2-methylpropanesulfonic 
acid, the high volume monomer III is propyl methacryl-POSS, and the cross-linking 
agent IV is bisphenol A glycerolate diacrylate. 

[0001] 

[Field of the Invention] 

The present invention relates to an ion-conducting film having high ion 
conductivity, thermal resistance and methanol barrier properties, and a method for 
fabricating the same. 

[0003] 

As an ion-conducting film used for a polymer electrolyte fuel cell (PEFC) 
among the aforementioned four kinds of represented fuel cells, a non-crosslinking ion- 
conducting film of perfluoroalkylsulfonic acid such as Nafion® has been used. 
[0004] 

[Problem(s) to be Solved] 

The above fluorine-based ion-conducting film has high chemical stability and 
heat resistant and serves an important role for enhancing the practicability of the 
polymer electrolyte fuel cell. However, the conventionally used fluorine-based ion- 
conducting film was developed essentially as a barrier membrane when electrolyzing 
salt to remove caustic soda and chlorine gas at an industrial level, not as a material for 
fuel cell. It is pointed out that due to high film resistance, the efficiency of the 
generated energy of the fuel cell decreases, and many improvements remain as 
problems. 
[0005] 

In addition, even in the field of basic research on direct methanol fuel cell 
(DMFC), a method in which functions required for the direct methanol fuel cell are 
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complementary added while imitating a plurality of advantages of fluorine-based ion- 
conducting film is often adapted. These functions include 1) methanol-barrier 
properties, 2) thermal resistance, 3) ion conductivity, 4) mechanical strength, and 5) low 
price. All the functions are related to each other, and when one of the functions is 
improved, the other functions tend to decrease. For example, in the case of the direct 
methanol fuel cell, at present, the operating temperature of the cell must be set to within 
a high-temperature range of 130 to 200°C due to the low catalytic activity. However, 
in conventional films, oxidative degradation, such as the occurrence of breakage of the 
polymer main chain, occurs due to the high acidity effect of sulfonic group. In 
addition, methanol crossover obstructs the reduction reaction in the cathode, thereby 
reducing power generation efficiency of the cell. Therefore, a problem is to enhance 
the above functions in a balanced manner. 
[0006] 

In light of the above problem, an object of the present invention is to provide 
an ion-conducting film having methanol barrier properties, thermal resistance, high ion 
conductivity, mechanical strength and a low price, and a method for fabricating the 
same. 

[0009] 

Moreover, the aromatic monomer I is composed of Rl, which is an aromatic 
functional group having a required number of carbons. The ion-conductive monomer 
II has an ion-conductive group in which R2, which is a hydrocarbon moiety having a 
predetermined number of carbons, is chemically bonded to any one or all of ether, ester, 
acrylamide, amide, alkyl moiety, sulfonic acid group, phosphoric acid, which may 
include a predetermined number of hetero atoms, in a straight-chain or branched- 
straight-chain shape. The high volume monomer III is composed of a compound 
having a bulky functional group with a structure in which silicon is chemically bonded 
with a cycloaliphatic carbon compound having a required number of member rings, in a 
compound with a cage configuration composed by bonding two ring compounds, which 
are made from a required number of silicon atoms or oxygen atoms, via a required 
number of silicon-oxygen-silicon bonds, where opposing silicon atoms are bonded to 
each other via an oxygen atom to form a silicon-oxygen-silicon bond. The cross- 
linking agent IV is composed of an aromatic ring. The feature of the present invention 
resides in that the ion-conducting resin in which these vinyl monomers are 
copolymerized and cross-linked with each other, and the synthetic fiber or the fiber 
assembly are included in the interior of the ion-conducting film, the fiber assembly is 
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selected from mesh, woven, nonwoven, and fibril fabric assemblies composed of any of 

ceramics, glass, metal and non-metallic element compound. 

[0010] 

In addition, the feature of the present invention resides in that nonwoven glass 
fabric is complexed within the ion-conducting resin in which the aromatic monomer I is 
t-butylstyrene, the ion-conductive monomer II is 2-acrylamido-2-methylpropanesulfonic 
acid, the high volume monomer III is propyl methacryl-POSS, and the cross-linking 
agent IV is bisphenol A glycerolate diacrylate. 

[0015] 

The aromatic monomer I recited in claim 3 is composed of Rl, which is an 
aromatic functional group having 1 to 20 carbons. Specific examples include styrene, 
3-methyl styrene, 4-methyl styrene, t-butyl styrene, sec-butyl styrene, a-methyl styrene, 
trans-p-methyl styrene, 2-chlorostyrene, 3-chlorostyrene, 4-chlorostyrene, 2-vinyl 
naphthalene, 9-vinylanthracene, vinylpyrene, N-vinylcarbazole, 2-vinyl pyridine, 4- 
vinyl pyridine, or 1 -vinyl imidazole, but not limited to these examples. The ion- 
conductive monomer II is composed of a compound having an ion-conductive group in 
which R2, which is a hydrocarbon moiety having 1 to 18 carbons, is chemically bonded 
to any one or all of ether, ester, acrylamide, amide, alkyl moiety, sulfonic acid group, 
phosphoric acid, which may include 1 to 5 hetero atoms, in a straight-chain or 
branched-straight-chain shape. Specific examples include 2-acrylamido-2- 
methylpropanesulfonic acid, sodium 4-styrenesulfonate, sodium allylsulfonate, sodium 
methallylsulfonate, vinyl sulfonic acid, vinylpropanesulfonic acid, ethyl diethyl 
phosphonoacetate, vinyl phosphoric acid, and allyl phosphoric acid, but not limited to 
these compounds. The high volume monomer III is composed of a compound having 
a bulky functional group with a structure in which silicon is chemically bonded with a 
cycloaliphatic carbon compound having 3 to 12 member rings, in a compound with a 
cage configuration composed by bonding two ring compounds, which are made from 3 
to 80 silicon atoms or oxygen atoms, via 3 to 80 silicon-oxygen-silicon bonds, where 
opposing silicon atoms are bonded to each other via an oxygen atom to form a silicon- 
oxygen-silicon bond. Examples include propyl methacryl POSS, vinyl POSS, POSS 
acrylamide, allyl POSS, metallyl POSS, methacryl POSS, acrylic acid POSS, but is not 
limited to these compounds. The cross-linking agent IV is composed of an aromatic 
ring. Specific examples include bisphenol A glycerolate diacrylate, divinyl benzene, 
divinyl naphthalene, diallyl phthalate, diallyl tetrabromophthalate, diallyl diphenylsilane, 
diallyl diphenylphosphine and the like, but not limited to these cross-linking agents. 
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In the present invention, the ion-conducting resin in which these vinyl monomers are 
copolymerized and cross-linked with each other, and the synthetic fiber or the fiber 
assembly are included in the interior of the ion-conducting film, the fiber assembly is 
selected from mesh, woven, nonwoven, fibril fabric assemblies composed of any of 
ceramics, glass, metal and non-metallic element compound. The non-metallic element 
compound is, for example, silicon carbide, boron carbide, silicon nitride or boron nitride, 
but is not limited to these compounds. The ranges of the number of carbons in Rl and 
R2, the number of silicon or oxygen atoms in R3, the number of silicon-oxygen-silicon 
bonds and the number of member rings of silicon are preferable ranges, but are not 
limited to these ranges. 

[0045] 

[Effect of the Invention] 

As described above, the present invention can provide, at a low price, an ion- 
conducting film that has high methanol exclusion and thermal resistance, can obtain 
high ion-conductivity, film strength, and physical property of the film based on a curing 
temperature and a curing time, and the like in a balanced manner, and increases the 
efficiency of generated energy of the fuel cell. 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an ion- 
conducting film for a polymeric solid fuel cell, having a 
methanol-barrier property, heat resistance, high ionic 
conductivity, mechanical strength, and inexpensiveness, 
and to provide a method of producing the same. 
SOLUTION: This ion-conducting film is formed by 
combining an ion- conducting resin which comprises an 
aromatic monomer I, an ion-conducting monomer II, a 
high-volume monomer III, and a crosslinking agent IV 
and is expressed by the formula 1 with a fibrous 
aggregate to form a film. A nonwoven glass fabric is, for 
example, combined with the ion-conducting resin 
comprising t-butylstyrene as the component I, 2- 
acrylamide-2- methylpropanesulfonic acid as the 
component II, methacryloxypropyl POSS (POSS is 
expressed by the formula 2) as the component III, and 
bisphenol A diglycerol ether diacrylate as the 
component IV. 
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ith'J^ 7y;Vx;l/*yBW-hU^^ 
^;V*>itH)!)i», e^;l/7n 

3- 8 0#©^Jt^i&-^JlSlg£fcJ:oTji*e£ 

#3-12 a«©«*^ft^K*{fc£«B 4: {t¥*S£ b 

7o kf;V^ £ ^ U )\> P 0 S S , \Z=-)\> POSS, 
POS S7*y;l/75 K, 7'J;l/P0SS, ^^'J;l/P 
oss, y^^y;i/Poss, 7^'j;HPOSSf^ 
mfz>n%t>\ ct\t>(Dit£mcm%.-$tiz>t><DXte& 

LTtitrx7xy-;i/A^y-tDP-hv ? 7^u u- 
K W-fwyMVs ^tf-;W-7£U>\ s>7U/v 

7*U-K -^T'^I/f h77n^7^1/-hs 5>7U 30 

am«f & ns # , c n p. ©aefiewtiBSs n« t. ©i* a 
cne»©tr^;i/t/v-Am«-a-R.a : ^L/c-r 

A. #^£^{t^©3 5ftftfrfr&ftS*JM& ts 
^Wfl?«x 7*?y;l/tt©3 5fr&8WSftfctt 

lzmZtlZi><DXl±&\<\ _kf B R 1 x R2©« R 40 
[0 0 1 6] 

BteSHHi] t-7^;l/X^b>5. 2 5g, 2-7^ 
V^75 K-2/f;l/7p^yx;l/*ylo. 8g, 7 
aW^^'J^POSSO. 2 5g, £7.7x7-/1/ 
A^*U-baU-h^7^y 1/-M. Og£N. N' - 
f;V^;l/A7 5F8ml RWk 3 m 1 ©S^SiS&fc: 50 
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7 % /tTX-rV7^ar:hy;l/2 Omg»D 
bTf# SflfciSft* 2 0^7 S/a©# U 7n Ifl/^ y 
Mc I? y 7 7 y 7 2 5 0 % T'^S b 7c&, J»n -)V%m 

^xi oxx3ftmmim-r5ctic&*). -c*y&m 
«*»fc. i& pos ss©*jit4ia3fc^-rjiD-ea& 

[ooi7] ±c»6tifc>r*>'ei»«©p«*y-;u« 

KH4AEfc#©«fc 9 fc bT«£bfc 0 rat>-6H 4 fcatr 
$J£ffl-fe/Mi/£fc43^T, **7-;l/8iS14«iIl 0 mm 
©at>tftttt*J*f5XR«f (rtS* 9 8ml) 2 

x\ -< * yfcmm<D -;i/2BflHa* 5 0 mm t 

b, -73 © #5 x R Wrtawc t± 3 MM % © ^ £ /-;l/7k 
*Jctt««Wc*^«Lfc (zkffl) o JHi6©«j£-fe;V* 

m.H±.wrcn^m%m^hWb, 3 o^HBBft©^^ 
e.-aszk^^T'y v^b/-c&, B-nmrns-s 0 0 

0l^^QVh^77 (F I DttffiS) *ffl^T»«f 
b7Mlcf©^^y-;VjtJgM i *S*bfCo 
[0 0 18] »fT7'yl^*yeiI (i:b$je 

w zm^xm%.vrc*$/-)VMmM f fc-rst^ 

^^y-;l/^j§«3SiJfii^fflWfiti:bTTf2©^ (l) © 

**s-)mmm=Mf/Mi-5S. (1) 

t©«ftttH5li:wrJ:5fc, S»**/-;H!! 
«SRWfi©-<*>'fi»«fcLTfflv>6nTV*7y3ieR 

«fct>Sv^^7-;VS^'tt^b7co 
[0 0 19] K^fficgabT(±, ^©j:d{cbTs¥ffib 

u t g-dt A%m^x£u*picx'(*y£mm<Dm 

jM*y&m<otosmmttia&T f *wsu tsb© 
s (2) ©±5tw»tt*7y*»«^-rii©ffl«ia 

ilbT^«bfc 0 

llttl=T i/T f (2) 

«©w»ttfiia:«e*jiST-*5 7 y m%mv>®£. *> ±z 

[0 0 2 0] -Y^yegffiiigab-ni^cfcSfcbTaT 
ffib/co KE4. 0cm, 14. 0 cm, iP*0. 5 cm 
©7y*tttli««©(f*aPli:»0. 5 cm, 81. 0 c 
m©$7c*6£rfiJ?)HVvr, Iffl. 0 cm, 82. 5 c 
m, 0^7ny©e^|g^Hi^b, e&fS©l. 
OcmOm 7v**||g»fi©«^«>©l. 0cm2 
KttbTST S<k 5 fc 7 y 3R«ffi«i*±K|fi# bfc c 

[0 0 2 1] C©«*2fflft»bfc&fc, HtfiMO 
l/4 0NffiBteK}S?IIK:au rS«EE3. 0 V, mffi.® 
i40mA/cm ! (CT 1 B#K, S^fg±ta^|R* 

^ >y + bfco c ©7 y MtttaB»K« l %^M4>tcri br 
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mmW.<DQ&f5WZiEM£ LTttE 3 . 0 Vtt 1 Oft 

rsmmtz&if* z &©7 ymmmmw.^ n^ntco 
[0022] c<D£5icL-cmt>nrz&&m*v*<D7 

? JKMBSHE 2 &©HtclK l . 0cm,«l. 5 c mlc 

uy^m^y^-^ry 7,7^=7^^ s 1 - 1 2 6 ofcg 
EplfciS^yfiW&TfB©^ (3) ©<fc?£S§gL 10 

<<*y&wm= i i/i f -a (3) 

I f :tt*©7'y*SO>C*ye*J8 
I i : *«9ilcJ:«lio-<jj-yfiWtt 
J t©IS*H:BI5Jc*-r«t3fc, JXyfcm-mcjs^Tt* 

*&wic y&mmiofiim&moM* ymmvt 

[0 0 2 3] M©3aatl8LTtt, #©£?{£ LTfHffi 
Lfc 0 mi 5 cm, ffiO. 5 cm©W*yeS|ffl|*5lo 
§SDt*K«fc#W\ ft'^Pa»10cm(CTtyy 20 

W©*r®»Tli§trcfcfcJ:oT§lo3gD»g*S K fie 
*©7y*««©§|o3fiD!jati6S f <kf?.t# % J!^ 
S£S (4) Oi5tS8Lfe, JKtt£=S i/S f- 
S (4) S-OfSmttH 5 J: «M 

5SfifiSe*©7-yJtSSiSfcJ±^TifiSV^ffll5iifi*WtTV^ 

[0 0 2 4] 

[HSSWI2] ggmi i ic&^r j *y&mm*mm?z 
%<d t -7i-)]/7s?\sy(Dnm^m*mt£-&rcm-& 30 
©w^vGsmsflj^ufcssfisiefc^-rifc^tx t 

- 79^1/7. ^IxVlil-^fW 5 %~8 0 %©|gH{C43 
[0 0 2 5] 

ehc, 70 y ^ p 0 s s <Dn.m§w*mt 

t U /l> P 0 S S ©SS^T^tf 0 . 1 %~ 5 0 %©SBB 40 

t^s. S5§a*7 v-oiiti$ii»*a 5 fciBig 

[0 0 2 6] 

c&smbu] hjks#i i Kts^T^xy&mimmmr* 
mm\ t lt tr x 7 x / ->v a bu-f s> 
7* y u- h©s*£*r#*g{fcs-efc»#©ffltag& 

{tag 8 T'^-f «t 0 . 0 2 %~ 3 0 %©$BHT*fi£ 
IBH^aWt?**. 50 
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[00 2 7] 

mmm 5 ] mrnm 1 fc4BVT«7ktta^iwii&sgfc lt 
t%®j*y&mmim 9 -e^-r <t 9 k» ibktta&M 

&»J©**#5SW 0 . 0 1 %~ 2 0 %©$gBfc&<^T 
«*©7'yJI5SiS©ffi«kD*t<4oT^«Ci:3tj>5 % 

sfekttfi^wi&»i©fi«^^*tt»*^ 5 tctem Liam 

[00 2 8] 

KMHBI6] gffiffll 1 fc43V^*>e«il*SlHrs 
i§£, WaSJW©**^* t # 7 t ©M 

«»4, si ovKtzoic^ tmrnvmrntttmit 1 

%~8 5%©iBH©t#tc^^7~;l/S^ffiA^^© 
^^^(^T^D^ mK8*!l©ara?*ttM 

[00 2 9] 

7 ] 1 £.t3^T>(*y&mm%win*z 

t§-&icf*y LT2-7^y;i'75 F 

- 2 ^yl^n/^x^y^Sa^W^t^yfe 
a»ffi:©l!§&{±H l lT^f -Y*>£#{il{i 2 

K- 2 ^^;V7a^yx;l/*yM©SS 
#W*{± 3 %~ 9 0 %<Dmn<D£ZlC'(*ytemi&W 1 6£ 

[0 0 3 0] 

[^Mij8] 1 ic&^T'(*yBmm*gm.Tz 

0. 0 3%~2 5%©f§BF*3fc:*5^Tfi£ 
*©7yjR£j»Dffi±9fe*#<&oTt5!>, ifrJcftM 
£MJ&a"J©S*£W*tt§S#5 5 fcgHELfclBHtf agj 

[00 3 1] 

[nas0!i9] nsstwitefev»T'f*yeawit*«!jg-rs 

R9K *©S*-&W**a{b?'&fefcfr©W«lffifiBli 3 

t-^-t £ o ic, Jk<o&m^m± 6 %~ 9 5 %commv 

[00 3 2] 

[HiSS^J 1 0] ^JS(?!j 1 tcfei/>T-i'*ve5WS*8!it-r 

t -^fll-r S l^(C t? y ^ 7 y 7fc -Y ^- 
i: <DM&i£m I 4 (cj^-r j; 3 lc, kf y 7 7 y 7^ 2 0 % 

~52o %©«H?^*^eswijwse3i«± o «>^# < 

4oT*5, HH*^© tf y ^ 7 y 7tilf aKJM 5 tcie 
[0 0 3 3] 
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5 -c-7jvf <t o miti&mt 3 5 °c~ 2 2 o °c<Dmmic 

Tft*li©fficfc!9&*#<&oT&!K ^{fcSjgtelf* 
[0 0 3 4] 

immm 1 2] $^01 1 icts^T^tyfcmmvmm 
mmm 1 6 izm? * 5 HftutiaH: 0 . 5 #~ 4 b# 

IH©IBHfcfct^T8£*lt©BJl4J: 0 < S^Tfe 

«fti»iaia:ii*a7fcE«LfeKH3Wi«i-p«s. 10 

[00 3 5] 

Ici^WlMrtHiftfflv^^ HSftKfcBBLTH:, El 
1 7 fcjjVf .t 9 (C&ftlfcQiftfttf 190nm~700n 
m©|^T?t£3t^©ffl<kDfc*S<fcoT43D. *fltt 
ilSHSEBic: «k 7 ££tt L fclBB 

[0 0 3 6] 20 

[HMyi 4] -mmw sicfc^-ctf^/i/^yv—^a 

«01 8fcm?£olc. &ft^*>V#-®&lZ0. 5m 
W/cm 2 ^5. 5 6 0 OmW/cm 2 ©i3HT?fie* 

[0 0 3 7] 

m&mi 5] %HHni 3fc*^T«rt»7^yoftb 

^tkT <£ 20Mr ad • m/m i n ~ 3 0 M r a 

d • m/m i nomm^n.^-u^MLfctt^^y 
7 ic teiE t tcmmtm lt . 

[003 8] 

QUffiWl 6] HfigfJl 5lC*^T«?«OjlM«flHI* 

f it^tfei: to^ty£#I©^ 2 o 

K^-Tcfc^fC, 0. 2«^~5«|IBOttHTffie*ll©«* 40 

7 fcfSfc LfclBHtfjISJT'&So 
[0 0 3 9] i:<:3T% ^U^y^y-^Mfttt 
» (DM F C) t^T^^/-;l/^DXt-/^ilS 
4HHT'&*. y*y-/Mi*k#i:i:t>K:7y-F (ft 

foZmWtZt^frftT^&o DMF CfcfcttSi&tt 
ffiEjSli£tT©iI t> T'&So 

7/-H: CH 3 OH + H 2 0->C0 2 +6H + +6e 50 
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*V-H:0. 50 2 +2H + +2 e->H 2 O 

c © 5 LT sr fc y y y -;Wi £ y - K ©MzcSfS 

*ffl#r«©?DMFC£{*fclyr©attK tftt>%, 

[o o 4 o] *»w«4-r ^^eaw!*^-*-* 
ic y * y ->w»i»tt«K«i»Ar § »t 
*oT«!(t>©y*y-;i/©«;ast*«>»JLrco H3K^-r 
^^y-^itismtiSiitT^y^^^D^ 

i/^nt^^i/D+ity l P 

OSSiSfALft. H3©^aifi, 2ffl©WR©^>r 
■WttWb^lS* (S i-O-S i) LfcBZLT^Zo 

m*&wfct £ y y y -/i/S^asMa©****? 1 1 an 
Ty^y-;wjc^jfca*^LT^3. tsiBPoss 
*ttWB««ia*LTv^*©^ cne.y^y-;i/7j<^ 

?IREtf*©*fcft»>ii£tiS. 
[00 4 1] ^JlH4ia*ttrt>TO<* IS^gtf 

3$0. 0 4 nmfc^©&fr?ttfrftD/hS^ffl$Jgfc:S 
LTfcD, Sfcrt^HUktt GHttltt) tWLT*3D, IK 

zMfewaftf t i/"cv5 0 y y y -;i^?«7k «t t> t» y 
v\ *<n\ WE«©*t9j»3aisnfcy*y-^zK» 

?tt«*tt-«zlcttfflSff ffl fc «t t) ! ©T\ 7K 

o t, p o s ss^suiai-rsiSfiKati^i; 
§o ^©*snt yyy-;v^{±pos s£#frts« 

WH&isftsc-efcs,, pos ssttsfektt^sab 

[0 0 4 2] DMFC©>r*yg»SHCfflV5rc«)©# 

fi£*©P E F C^DMF 

v-©^R»t-pttR{b!icii6^©/s» (^yv-) ^ffl 

[0 0 4 3] ^©^3i«^©^SS^J^ Lr»*B4-fcE 
© t -7*f-7i/7s9 l by(i ; eyv-(Dm7K14^j:0^:t 

*j©«ijfif±-iHWt # u v-*-e*vsis^A*i9oT^ 

t©T'fe§ 0 

[0 0 4 4] |& *f8WfC<kS-1'*>eWfl|t4H{*:S5«' 

?§y^^tt^©{ti^mmfk^^-t>+7--, aie*^ ^ 

[0 0 4 5] 

[fg^©a«] a±©«k5fc*»wfcj;*fc, ffivy^ 
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